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HECTOR M. ARIAS*

International Groundwaters: The
Upper San Pedro River Basin Case
ABSTRACT
The San Pedro River is a stream thatflows northfrom Cananea,
Sonora, Mexico, into the United States. It drains into the Gila
River, a major tributaryof the Colorado River. Its importance
stemsfrom its location in the middle of two of the largest deserts of
North America. It was an oasis for travelers during the
colonizationofthe West in the 1800s, and is still an oasis todayfor
migratory birds in their passage between Central and North
America. The San PedroRiver has been the center ofa controversy
in terms of waterallocationamong human activitiesand ecological
demands. The criticalproblem is groundwatersince it is the main
source of water in this semiarid area. The problem is not the
availabilityof water, since there is plenty of it, but the threat of
excessive lowering of the water table that puts riparianvegetation
at risk in afragile ecosystem that is the foundation of a migrating
birdcorridor.Humanactivity and riparianvegetation consume the
most waterfrom the aquifer. Who has the priority,and to what
level the water resources can be shared among the water users
remain open questions. Several studies have been undertaken, as
well as initiativesfrom international,U.S. government, and nongovernment organizations in order to provide insight into this
controversy.Although more detailed knowledge is needed, several
generalmeasureshave been proposed involvingreduction ofwater
demands and shift and removal ofsome activities,such as irrigated
agriculture and even water importation. The formation of
internationalgroups to improveand protect the naturalresources
available in this stream has also been proposed. This is a good
example of what can be improved based on the establishment of
cooperativeefforts between two countries.
INTRODUCTION
The San Pedro River is a tributary of the Colorado River System.
It starts near Cananea, Sonora, Mexico, and flows north into Arizona,
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where it joins the Gila River at Winkelman, Arizona. The Gila River
contributes to the Lower Colorado River at Yuma, Arizona, before it drains
into the Gulf of California.
This area is characterized by the presence of desert ecosystems; but
due to its elevation, the conditions are not as extreme as the surrounding
desert area. Also, due to its benevolent conditions, it was the natural
passage for human migration to the west in the 1850s. The San Pedro was
a source of food and water for the travelers who had to pass through the
Chihuahuan and Sonoran deserts. According to several studies in the area,
it currently plays the same role for other types of travelers, such as
migratory birds.
In the framework of the Border XXI Program, the U.S.-Mexico
Border Field Committee divided the drainage areas of the water resources
shared by those two countries into eight subareas from the Pacific Ocean
to the Gulf of Mexico.' The San Pedro River is one of 14 basins within the
Mexican Highlands subarea, and part of the Basin and Range
physiographic provinces.2 The total area of the San Pedro River is 11,620
km2.3 The drainage area is divided into Upper and Lower San Pedro River
Basins in a location called "The Narrows."4 The Upper San Pedro River
Basin (USPRB) has 1,900 km 2 in Mexico and 4,500 km2 in the United States,
for a total of 6,400 km2 .' The Lower San Pedro River Basin (LSPRB)
comprises 5,220 km (figure 1).
The San Pedro River has caught much attention recently due to
discussions on the allocation of water between conservation and human
activities. On one hand, conservation groups claim that excessive water
extraction is threatening the San Pedro National Riparian Conservation
Area, an area recognized for its richness in terms of riparian habitats of the
southwestern United States.6 On the other hand, several human activities
depend on water and claim that the usage of water by riparian vegetation
is excessive and it endangers the economic development of the area

1.

See U.S. DEP'TOFIINTERIORU.S.-MEXICOBORDERFIELDCOORDINATING COMMITTEE

FACT SHEET NO. 2, WATER-RESOURcESISSUESINTHEMEXICANHIGHLANDSSUBAREA
[hereinafter FACT SHEET No. 21.

2.
3.

1 (1997)

See id. at 3.
See U.S. DEP'T INTERIOR, BUREAU OF LAND MANAGEMENT, THE UPPER SAN PEDRO

RIVER BASIN OFTHE UNTED STATESANDMEXicOc A RESOURCE DIRECTORY AND AN OVERVIEW
OF NATURAL RESOURcE ISSUES CONFRONNG DEcisioN-MAKE s AND NATURAL RESOURCES
MANAGERS 9 (1998) [hereinafter RESOURCE DIRECTORY: UPPER SAN PEDRO RIVER BASIN].

4.
5.

See id. at 8-9.
See id. at 9.
6. See FACT SHEET NO. 2, supranote 1, at 3-4.
7. See id.
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The objective of this paper is to present a review of the role of
groundwater in the conflicts between human activities and environmental
issues in a transnational watershed, and the process for establishing an
action plan based on consensus of the different stakeholders, a plan that
must include international cooperation to be effective. A description of the
resources in discussion as well as a summary of the proposed measures
and goals of the programs is discussed in this paper.
DESCRIPTION OF THE AREA
Climate
The area has a semiarid climate since the basin is in the middle of
two of the largest deserts of North America, the Sonoran and the
Chihuahuan deserts; although it is not as hot as the deserts because it is in
the uplands of those two ecosystems. The precipitation varies from a little
above 450 mm/year in Cananea, Sonora, Mexico in the southern end of the
basin, to about 270 mm/year in the lowlands. Temperatures canbe as high
as 44°C in the summer in Benson, Arizona, and -13°C in the winter in
Benson.9 About 70 percent of the annual rainfall occurs during the
summer." Snowstorms,1although not very common, are very important for
groundwater recharge 2
Physiography
From the physiographic point of view, the San Pedro Basin is part
of the Basin and Range Province, 2 which has three main divisions: Mexican
Oak-Pine Woodland and Oak Savannah, Chihuahuan-Sonoran Desert
Shrub Mix, and Southern Arizona Semidesert Grassland. This
physiographic province comprises 62,377 km2, 75 percent in the United
States and 25 percent in Mexico.'

8. See LETICIA BEATRIZ VIONNET & THOMA-MADDOCK El, 1 MODELING OF GROUNDWATERFLOW ANDSURPAcE/GROUND-WATERINTERACONFORTHBSANPEDRORIVER BASIN:
MEXICAN BORDER TO FAIRBANK, ARIZONA 2-6 (Univ. of Ariz., Dep't Hydrology &Water

Resources HWR No. 92-010,1992).

9. See id.
10. See id.

11. See RESOURCE DIRECTORY: UPPER SAN
12. See id.

13. See id. at 8.

PEDRO RIVER BASIN,

supra note 3, at 9.
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Geology
The Sierra Vista sub-basin is a graben formed by mountain chains
that flanks a valley in a south to north direction. 4 The mountains are the
result of a lift over sedimentary rocks. The valley is filled with deposits due
to erosion activity during the Tertiary and Quaternary periods."5
The mountains that flank the river are Sierra La Mariquita, to the
west, and Sierra Los Ajos, to the east in the southern end. The Huachuca
Mountains, to the west, and Sierra San Jose as well as the Mule Mountains,
to the east, form the boundaries of the middle part of the Upper San Pedro
River Basin. 6 The Canelo Hills and the Whetstone Mountains to the west,
and the Tombstone Hills and the Dragoon Mountains to the east continue
the parallel mountain boundaries in the northern part of the USPRB. 7 Most
of those mountains were formed from the Precambrian up to the Tertiary
period." They are composed of granitic, metamorphic, volcanic, and
sedimentary rock formations. 9
The lowlands are deposits of alluvial material that were formed in
different periods. °
The oldest deposit is the Pantano Formation, formed in the
Tertiary period, a well-cemented conglomerate with low porosity,
and, thus, low permeability.'
The St. David formation is a combination of a late-Tertiary deposit
and a Quaternary deposit, characterized by cemented clay, gravel,
sand and silt and is identified as the main aquifer. Both deposits
form the regional aquifer and can be as deep as 1,500 meters. Both
deposits are divided into lower and upper basin fills. The upper
unit depth ranges from 1 to 200 meters. The lower unit has a
maximum depth of 300 meters in the middle of the basin.'
The most recent deposits are from the Upper Holocene period and
form the floodplain aquifer.'

14. See id. at 10.
15. See id.
16. See id.
at 9.
17. See id.
18. See id. at 10; VtONNr & MADDocK, supra note 8,at 2-11.
19. See id.
20. See REsouRcE DIRxCmtRY: UPPER SAN PEDRO RIVER BASIN, supra note 3, at 10.
21. See id.
22. See id.
23. See id.

Spring 20001

THE UPPERSAN PEDRO RIVER BASIN CASE

Hydrology
Surface Hydrology
The basin has been divided into Upper and Lower San Pedro River
Basins at a location called "The Narrows," which lies north of Benson,
Arizona.' The Upper San Pedro River (USPR) has also been divided into
the Sierra Vista Sub-basin, and the Benson Sub-basin.
There are three gauging stations along the Upper San Pedro River:
Palominas, Charleston, and Tombstone.' The Palominas station covers
most of the drainage area in Mexico, as well as part of the HerefordPalominas area. The Charleston station covers the San Pedro Riparian
National Conservation Area. The Tombstone station covers the area
drained along the San Pedro as well as the Babocomari and the Walnut
Gulch watersheds.
The station with the longest streamflow records in the basin is
Charleston. The one with the shortest and poorest records is Palominas,
which is sometimes operated by the U.S. Geologic Survey and sometimes
by the International Water Boundary Commission. The Tombstone station
is operated by the United States Department of Agriculture, Agriculture
Research Service. Table 12 shows the main characteristics of the stations.
Monthly streamflow records show that the Charleston station is the only
perennial section gauged in the Upper San Pedro. ' The period of time
when the three stations were compared is from 1968 to 1976. It shows two
dry periods; one in the spring with a minimum discharge in June, and the
other in the fall with a minimum discharge during October.
GroundwaterHydrology
Groundwater in the basin has two main sources, the regional
aquifer and the floodplain aquifer.' Both aquifers are connected and their
physical properties are related to the geologic formations described above.
The regional aquifer is several orders of magnitude larger but the response
time is much slower due to the lower transmissivity.Y
Regional Aquifer
The regional aquifer is composed of two units: an upper basin fill
and a lower basin fill. 'The aerial extent is about 3,100 km2 . The estimated

24.
25.

See id. at 8.
See VIONNET & MADDOCK, supra note 8, at 3-21 fig.3-6.

26. See id. at 3-22 tbl.3-4.
27. See id.
28. See id. at 3-2,3-5.
29. See id. at 3-6.
30. See id. at 3-2.
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water storage is 39,349 hm3 (millions of cubic meters) where 14,800 hm3 are
from depths of 210 to 360 meters.31 The recharge comes mainly from the
mountain fronts. Underflow from Mexico is estimated between 0.89 to 4.29
hm3 by Freethey, 3.71 h 3 by the Arizona Department of Water Resources
(ADWR), and 4.60 hne by Vionnet and Maddock (1992).
Transmissivities range from 5.38 to 161.29 cm 2/s, though aquifer
tests gave transmissivities up to 290 cm 2/s during pumping.' Groundwater moves at an average rate of 6.1 m/yr, with a rate range from 1.77 to
31.2 m/yr. The unconfined portions of the aquifer possess storage
coefficients that range from 0.02 to 0.15, while the confined area's
coefficient was estimated by Freethey (1982) as 10-5. The regional aquifer
is mostly unconfined, although it is confined in the Palominas-Hereford
and the St. David-Benson areas.' The average well yield is 36.6 l/s, with a
range between 6.3 to 176.6 1/s. 9
FloodplainAquifer
This aquifer depends on the alluvium that consists of younger
unconsolidated gravel, sand, and silt surrounding the channels of the San
Pedro and its major tributaries.' The floodplain aquifer normally reaches
depths of 12 to 30 meters, sometimes as much as 45 meters.4' Its width
varies from dozens of meters to dozens of kilometers.' Its area was
estimated as 141.87 km2 using aerial photography and its storage was
estimated as 0.65 h 3.
The floodplain aquifer serves most of the irrigation in both the
United States and Mexico. The average well yields are greater than those
in the regional aquifer, ranging from 15.8 to 170.3 /s with an average
discharge of 75.7 1/s.'

31. See id. (citing Arizona Water Commission in 1974).
32. See STEVEN W. CORELL ET AL, A GROUNDWATER FLOW MODEL OF THE SIERRA VISTA
SUBWATERSHED OF THE SAN PEDRO BAsIN-SOurTHiEsERN ARIZONA 14 (Ariz. Dep't Water

Resources, Modeling Report No. 10,1996) (citing Freethey in 1982).
33.
34.

See id. at 13.
See VIONNET & MADDOCK, supra note 8, at 3-3 to 3-4.

35. See id. at 3-3 (citing Harshbarger & Assoc. in 1974).
36. See id. (citing Harshbarger & Assoc. in 1990).
37. See id. at 3-5.
38.

See id. at 3-2.

39.
40.
41.
42.
43.

See id.
See id. at 3-5.
See id.
See id.
See id. at 3-5, 3-6 (citing Roeske & Werrell in 1973).
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The recharge is supplied mainly by direct runoff and regional
aquifer contribution." The perennial flow in the Charleston area is due to
the outcrop of a consolidated rock that forces groundwater up from the
regional aquifer into the alluvial (floodplain) aquifer and then to the river.
The aquifer is unconfined. Transmissivities of this aquifer are higher than
the regional aquifer, but since it is of a different type, it was estimated with
indirect methods from 10.72 cm 2 /s to 86.02 cm2 /s or 107.2 cm 2 /s,
depending on the method." Specific yield was estimated as 0.05 to 0.15
I/s.47 In any case, the values are higher compared with the regional aquifer.
The San Pedro Basin Aquifer in Mexico
The aquifer in Mexico has an estimated volume of water in storage
of 891 hm3." The geology and soil formation of Mexico are not significantly
different than in the United States, especially in the Sierra Vista sub-basin.
However, the wells that withdraw significant amounts of water in Mexico
are located just along the southern boundary of the basin, about 30 km
from the U.S.-Mexico boundary.0
The aquifer is considered unconfined, with an area of 1800 km 2, an
average depth of 150 meters, and an estimated annual recharge of about 16
hm 3.Current pumping rates are on the order of 25.9 hm3 /yr, mostly for
human consumption, industrial usage of 7.216 hm3 /yr, and the difference
for agricultural and livestock use. Transmissivities and storativity of the
aquifer were estimated from pumping tests at 98.8 cm 2 /s and 0.0275,
respectively.'
Land Use and Vegetation
One of the main attractions in the San Pedro River is the vegetation
that has played a key role in creating an oasis between the Sonoran and
Chihuahuan deserts. However, there have been several changes produced

44.
45.
46.
47.

See id.
See id. at 3-6.
See id.
See id.

48.

See COMISION NACIONAL DEL AGUA, DIAGNOSTIcO DE LA REGION II NoRoESTE 2.30

(1997).
49. See Dr. H-CrORARIASROJOETAL,CONSERVACIONYErQUECMENTODEL HABrrAT
RIBERE1JO DE AVES MIGRATORIAS EN LOS ALTOS DEL RIO SAN PEDRO 56 (1999) (hereinafter
ARIAS Rojo ET AL).

50. See COMIsiON NAcIONAL DEL AGUA, supranote 48, at 2.30.
51. See id. at 4.64.
52. See Francisco Manuel Contreras Montijo, Comportamiento del Acuffero del Rio San
Pedro, Cananea, Sonora 39 (1986) (unpublished Tesis, Universidad de Sonora) (on file with
the Departamento de Geologla, Universidad de Sonora).
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naturally and by man. It is difficult to separate the causes, but it is
generally assumed that man produces the most dramatic changes.
Documentation exists about the conditions prior to the Coronado
expedition in 1538.1 Grasslands and marshes were common in the area,
according to historians. ' The marshes might have been the result of dams
built by beavers producing a series of communicated water bodies in the
valley.55
Although there might have been some changes in the area due to
the introduction of cattle by Spaniards in Colonial times, apparently these
changes were not significant.' When Arizona was part of Mexico the same
happened" before the American Civil War.' The continuous threat of
Apache raids did not allow successful ranching, as wild cattle were
documented by U.S. survey teams during the US-Mexico war."
The Anglo influencebeganin 1848 and probably ignited significant
changes.' The military presence of Fort Huachuca played an important
role, first by controlling Apache raids, and later in sanitary control." At this
time, the growing presence of trees (especially cottonwood, sycamore,
willow and mesquite) in the marshes was documented by beaver trappers.
Beavers were extirpated during the 1880s by trappers. Also, the beaver
dams were destroyed by the military post in order to control malaria. The
cottonwood population may have increased due to arroyo cutting, which
resulted in complete elimination of marshy conditions.' From the late
1890s to the 1960s, several events occurred that produced some irreversible
changes. Shrubs took over grasslands and riparian forests replaced the
marshland vegetation in the United States. Hastings and Turner
photographically describe the changes from grasslands to shrubs.'
Hereford also provided photographic evidence of the establishment of

53. See JAMES RODNEY HASTINGS & RAYMOND IVL TURNER, THE CHANGING MILE: AN
ECOLOGICAL STUDY OpVFGETATION CHANGE WrTH TIME IN THELOWER MILE OF AN ARID AND

SEMIARID REGION 34 (1980).
54.
55.

See id. at 36-37.
See id. at 36.

56. See id. at 34.
57. See Conrad J.Bahre, Human Impacts on the GrasslandsofSoutheasternArizona, in THE
DESERT GRASSLAND 230,256 (Mitchel P. McClaran & Thomas R. Van Devender eds., 1995).
58. See HASTINGS &TURNER, supra note 53, at 35,40.
59. See id. at 29, 33-34.
60. See Bahre, supra note 57, at 256.
61. See HASTINGS &TURNER, supra note 53, at 40.
62.

See id. at 274.

63.

See id. at 143-82.
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cottonwood trees from 1920 to 1940," corroborated by direct measurement
of tree age by Stromberg."
From 1974 to 1992, satellite images showed an increase in riparian
forests where marshland vegetation existed by the 1890s, but was displaced
by irrigated agriculture between 1940 and 1986, and urban growth
displaced shrubs and other types of vegetation in the United States. In
Mexico, 22,600 ha of grasslands (out of 119,000 ha of total grassland) were
replaced by 20,000 ha of mesquite and 2,140 ha of agriculture in-the same
period." Today the area used for agriculture is 3,260 ha, compared to the
1,115 ha used in 1973; only 1,440 ha, however, are under continuous
production, some of them using groundwater and others water stored in
ponds.
Protected Aieas
One of the most outstanding features of the San Pedro Basin is its
native biodiversity, which has been recognized both in the United States'7
and in Mexico.' In terms of fauna, birds present the highest diversity. As
for flora, riparian vegetation and grasslands are the most valuable
resources. In the Mexican part of the San Pedro Basin, the most relevant
feature is the presence of well-preserved native semiarid grasslands. It also
hosts a healthy stand of riparian ecosystems that are shared with the
United States.
As a result, in 1988 the U.S. Congress established the San Pedro
Riparian National Conservation Area (SPRNCA)." The goals of the
SPRNCA are "to protect the riparian area and the aquatic, wildlife,
archeological, paleontological, scientific, cultural, educational, and
recreational resources of the public lands surrounding the San Pedro River

64. See RICHARD HEREFORD, GEOMORPHIC EVOLUTION OF THE SAN PEDRO RIVER
CHANNEL SINCE 1900 IN THE SAN PEDRO RIPARIAN NATIONAL CONSERVATION AREA,

SoUTHEAST ARIZONA (U.S. Geological Survey Open-file Report No. 92-339,1992).
65. See J.Stromberg, Dynamics of FremontCottonwood (Populusfremontii)and Saltcedar
(Tamarix chinensis) Populations along the San Pedro River, Arizona, 40 J. ARID ENV'TS 133

(1998).
66. See Christopher J.Watts et al., Landscape Change in the Upper San Pedro Watershed,
11th Annual Symposium of the Arizona Hydrological Society (1998) (available at

<http://www.epa.gov/crdlvweb/land-sci/fig3.htm> and <http://www.epa.gov/crdlv
web/land-sci/san-pedro.htm>).
67. See Steven K. Friedman & Ervin H. Zube. Assessing Landscape Dynamics in a
ProtectedArea, 16 ENvTL MGMT. 363,364 (1992) (citing Simpson in 1964).

68. See CHRrINA T. MELfNDREZ ET AL., PROPUESTA DE RECURSOS NATURALES DE LA
SIERRA LA MARIQUITA-RIO SAN PEDRO, MUNICIPIOS DE CANANEA, NACO, Y SANTA CRUZ,
SONORA, MlCco (Centro Ecol6gico De Sonora, 1993).
69. See Arizona-Idaho Conservation Act of 1988,16 U.S.C. § 460xx(a) (1994).
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in Cochise County, Arizona...."" In 1992, the Mexican portion of the
watershed, as well as Sierra La Mariquita and Sierra La Elenita, were
proposed for a reserve, although this has not been approved yet. Sierra Los
Ajos on the southeastern boundary was declared a Forest Reserve.
The SPRNCA is run by the Bureau of Land Management, while
Reserva ForestalLos Ajos is managed by Instituto Nacionalde Ecologfa, part of
the Secretarfa del Medio Ambiente, Recursos Naturalesy Pesca.
CONTROVERSIAL ISSUES
Since the appearance of Europeans in the San Pedro in 1538, their
activities, mainly the introduction of cattle, started to produce effects on the
ecosystems. As population increased, the conflicts over resources increased
as well, especially over water-the critical resource in a semiarid
environment.
Streamflow Regime
A report mentions that in the 1800s, the river was mostly perennial
and some segments became intermittent after 1890.1 In this period, the
Pitaycachi earthquake of 1887 caused the flow to become entirely dry for
a short time and resume with a higher discharge.' Arroyo cutting started
to develop in this period also, which was probably related to the removal
of the beaver dams prevalent since prehispanic times.'
Although it is not clear whether streanflow was perennial or not,
explorer reports of the wagon route give the idea that streams were
intermittent, at least in 1858. One report from September 1858 stated,
"Where the present reporter took quantities of fine trout in March and
April 1858 not a drop of water was to be seen." ' 4 Arroyo cutting is a
process also associated with streamflow changes. Early in the 1850s there
was a major impact on the channel, and later, large floods on the
unprotected river during the 1890s and 1900s produced severe erosion."
Arroyo cutting was a process documented by the first railroad

70. Id. See also G.M. YUNcEvIcH, THE SAN PEDRO RIPARIAN NATIONAL CONSERVATION
AREA 369-72 (U.S. Dep't Agric., Forest Service, General Technical Report No. 226,1993).
71. See ARIAS ROJO ET AL, supra note 49, at 16 (citing CH2MHill in 1997).
72. See Susan M. Dubois & Ann W. Smith, The 1887 Earthquakein San BernadinoValley,
Sonora:HistoricAccounts and Intensity Patternsin Arizona 59 (Bureau of Geology & Mineral
Tech. Special Paper No. 3,1980).
73. See IJASINGS &TURNER, supra note 53, at 36.
74. Id. at 35 (Itinerary 1858:33).
75. See id. at 41-45.
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reconnaissance teams. The following fragment of a report shows the
existing "vertical walls" in segments of the river.
At the Tres Alamos (crossing) the stream is about 15 inches
deep and 12 feet wide, and flows with a rapid current over a
light, sandy bed, about 15 feet below its banks, which are
nearly vertical. The water here is turbid, and not a stick of
timber is seen to mark the meandering of its bed 7 6
The extirpation of beaver and the destruction of the beaver dams might
have impacted the flow regime by buffering the impacts of the earthquake
and the 1890s floods.
Currently, the river in most of the'reaches is ephemeral, and has
only a few perennial locations. The most likely reason for the change is
groundwater extraction, especially from the floodplain Aquifer, since this
aquifer has a very rapid response due to its higher water transmissivity,
but excessive pumping from the regional aquifer produces a cone of
depression that dewaters the floodplain aquifer, too, by lowering the water
table. The cause of the increasing frequency and length of dry periods in
the streamflow records in recent times may be related to the floodplain
aquifer pumpage. As an example, streamflow data from Palominas is
described.
Daily records in the Palominas gauging station show that from the
1930s (the 1940s were not recorded) until 1951, the flow was perennial. 77
From 1951 to 1967 there was a period when flows became zero in the
spring, usually before July 15 when the monsoon began." The zero flow
lasted only a few days (last week of June and/or first week of July), and
then turned into weeks and months in 1960,1962,1963, and 1965." Also,
the zero flow period not only lasted longer but started earlier, as well (May,
8
1 9 6 5 ). 0 From 1967 to 1980, there were two dry periods, one in the spring
(starting in April to middle July) and the other in the fall (starting in late
September and early October, lasting sometimes until December).81 By the
1980s there was flow for only a few days. Although the record ended in
1981, it appears as though there have been no significant changes in the
flow since 1980.
Since the Palominas-Hereford area maybe in the floodplain aquifer
and heavy pumping occurred in this area, the duration and occurrence of

76.
77.
78.
79.
80.
81.
82.

Id.
See ARIAS Rojo ET AL, supra note 49, at 48 Grafical3.
See id.
See id.
See id.
See id.
See id.
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zero flow records in the Palominas may be related to pumping along the
floodplain aquifer. In the period of 1951-1954, when a zero flow spring
season was recorded in Palominas, there was a significant increase in
pumping in the Sierra Vista aquifer (see figure 23), 4.4 hm3 compared to 2.8
hm3 before 1950." Since 1960, pumpage has jumped to 5 hm3/yr, and dry
periods started to occur in two seasons, spring and fall. By 1980, total
pumpage was more than 10 hm3/yr and streamflow become very rare in
Palominas. Heavy pumpage in Mexico may have started in the 1960s. Total
pumpage in Mexico was estimated in 1986 as 11.28 hm3, including 0.49 hin3
for livestock, 3.59 hm3 for agriculture and domestic use, and 7.20 hm3 for
the mining industry.' Forty-eight wells were drilled in the period
1986-1994 to increase the mining operations that built up the pumping
capacity to 40.2 hm ." Current pumping is 25.9 hm3 Y.
Groundwater Depletion
The conflict in the basin is based on water depletion. A cone of
depression has been developed in the Sierra Vista area due to excessive
groundwater pumping.' The critical issue is that the advancement of the
cone of depression would affect the perennial reach of the San Pedro in the
SPRNCA. 8" If the baseflow coming from the aquifer is reduced, the
phreatophytes will be affected and with it the migratory bird corridor,
which would be a continental disaster. Such a reduction would not only
endanger the environment but also the economy of Sierra Vista and the
neighboring communities, since bird watching there is a three million
dollar per year business."°
There are reports that by the 1940s groundwater depletion was
already a problem, since in the Hereford area water level dropped by 7.5
meters. 1 Several other groundwater studies reported the existence of a
cone of depression that developed in the Sierra Vista-Fort Huachuca area.
This cone of depression runs parallel to the Huachuca Mountains and is 4

83.
84.
85.
86.
87.

Seeid. atl09.
See id. at 57.
See Contreras Montijo, supra note 52, at 34.
See ARAS Rojo ET AL, supra note 49, at 55.
See COMISION NACIONAL DEL AGUA, supra note 48, at 2.30.

88.

See REsoURCE DIRECTORY: UPPER SAN PEDRO RIVER BASIN, supra note 3, at 11.

89. See id.
90. See ARIAS Rojo ET AL, supra note 49, at 1.
91. See id. at 43.
92. See VIONNE' & MADDOCK, supra note 8, at 3-8 (citing Harshbarger & Associates in

1974).
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miles long and 1.5 miles wide." The same team reported another smaller
cone of depression in Huachuca City along the Babocomari River.
In order to analyze the groundwater depletion and to provide
solutions and recommendations, groundwater models have been used in
the San Pedro River, especially in the Sierra Vista sub-basin. Three studies
were conducted: one by the U.S. Geological Survey (USGS), one by The
University of Arizona," and the most recent, by the Arizona Department
of Water Resources." The three models are based on MODFLOW, a
mathematical model initially developed by the USGS that is currently
commercially available. Each research team added parts to the model to
emphasize special issues and update information. In general, the three
models have more or less the same inputs, and, thus, the outputs more or
less coincide. The best use of this tool is to forecast scenarios of
development and management. For example, the ADWR model forecasted
the impacts of Sierra Vista growth as well as the impacts of reducing
irrigation, increasing evapotranspiration by phreatophytes, and effluent
rechargew The elimination of irrigation shows a rapid recovery of the
aquifer in the Palominas-Hereford area in a scenario based on irrigation
removal by the year 2000." Similar results were obtained by the CEC
Expert Team."
Riparian Forest
Table 2'° shows the groundwater budget and the groundwater
discharges in the Sierra Vista Sub-basin. Analysis of the discharges shows
that evapotranspiration of the riparian vegetation represents 42 percent of
the total water discharge. The other major uses are municipal, represented
by wells of Ft. Huachuca, Sierra Vista and others, as 38 percent; and
irrigation, 15 percent. Although those are relative numbers, the magnitude
is important. It is also important to notice that as the human population
grows, the groundwater sub-basin deficit increases.
93. See id.
94. SeeGEOFFREYW.FRETHEY, HYDROLOGICANALYIS OPTHEUPPERSANPEDRO BASIN
FROM THE MEXICO/U.S. BOUNDARY TO FAIRBANK, ARIZONA (U.S. Geological Survey Open-

file Rep. No. 82-752,1982).
See VIONNET & MADDOCK, supra note 8.
96. See CORELL ST AL, supranote 32.
97. See STEVEN W. CORELL, GROUNDWTER
95.

FLOW MODEL SCENARIOS OF FUTURE
GROUNDWATER AND SURFACE WATER CONDrrIONS: SIERRA VISTA SUBWATERSHED OF THE

UPPER SAN PEDRO BASIN-SOUrHEASTERN ARIZONA, 1-5 (Ariz. Dep't Water Resources,

Supplement to Modeling Report No. 10,1996).
98. See id. at 5.
99. See ARIAS ROJO ST AL., supra note 49, at 64-82.
100. See id. at 59 cuadro6.
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Instead of discussing riparian vegetation, riparian forest presence
is one of the controversial issues. As was previously mentioned, there is
serious opposition to the limiting of economic growth for the sake of
allowing riparian forests to consume their share of water.
The main complaint about riparian vegetation as a whole is that
they are the primary groundwater consumers in the watershed.
Controversy comes with the fact that the riparian forest, part of the riparian
vegetation along with marshes, mesquite bosque, and sacaton grass, are
opportunistic species that took the place of the indigenous species in the
valley. There are two important considerations in relation to water
consumption by phreatophytes. First, the source of water for the riparian
forest is the floodplain aquifer that quickly responds to stress, and, thus,
drying of this layer will rapidly result in the disappearance of riparian
vegetation.' 1 Second, water use by riparian vegetation is not continuous
since riparian vegetation does not transpire in dormant periods or in the
absence of solar radiation, which fluctuates daily. The flow of the river
correlates with transpiration rates in the SPRNCA.'
Extracting water directly from the floodplain aquifer has an almost
immediate effect on the river that shows directly in the base flow. Since the
riparian forest along the San Pedro replaced the marshlands after they were
dried, the surface flow regime did not recover as expected when pumping
was stopped in the SPRNCA in 1988. Instead, a more abundant riparian
forest developed because riparian trees were using the water that was left.
SOLUTIONS AND RECOMMENDATIONS
During public hearings conducted by the Udall Center (1 9 9 8 )l" in
the United States and Centro de Investigaci6n en Alimentaci6n y Desarrollo
(1998) °' in Mexico, there was consensus about the value of San Pedro River
Basin resources on a regional, national, and continental scale and the need
to protect them. Discussions centered on solutions proposed by the CEC
Expert Team.

See VIONNEr & MADDOCK, supra note 8, at 3-6.
102. See R.D. MacNish et al., QuantificationofGroundwater-SurfaceWater Interactionin a
101.

Southwestern RiparianSystem 3-5 (Paper presented at the American Meteorological Society
Symposium, 1998) (available at <http://www.tucson.ars.ag.gov/salsa/archive/publications/ams-preprints/macnish.html>).
103. See UDALL CTR. FOR STuDIEs IN PUB. Poucy, PuBLIc INPUT DIGEST FOR THE UPPER
SAN PEDRO RIVER INrTIATIVE (1998).

104. See CENTRO DE INVEsTIGACI6N EN ALIMENTACION Y DESARROLLo, REUNION DE
CONSULTA POBLICA SOBRE LA INICIATIVA PARA LA CUENCA DEL Rio SAN PEDRO: RESUMEN DE
COMENTARIOS GENERALES Y RBCOMENDACIONES (1998).
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Recommendations and legal procedures were proposed to balance
development and ecological issues1' and address scientific questions. Most
of those questions are related to the origins and path of water, especially
groundwater.
Solutions
The Expert Team of the Commission for Environmental
Cooperation proposed a set of solution opportunities that were separated
into three categories:'
1.

2.

3.

Instituting measures that are hydrologically effective and
economically achievable:
"Reducing irrigated agricultural use on the Mexican side of the
border to increase base flows and enhance riparian habitat;
" Limiting irrigatedagricultural extractions from the aquifer on the
U.S. side of the border; and
* Developing water conservation and recycle/recharge initiatives
to reduce demand on the aquifer for domestic water use,
including Sierra Vista, Fort Huachuca, and Cochise County.1"
Measures with uncertain or unquantified hydrologic benefit:.
" Improving mountain front recharge along the Huachuca
Mountains;
" Reintroducing beavers into the San Pedro River;
" Improving the vegetation on the valley floor to increase recharge
to the aquifer;
" Developing local runoff retention and infiltration enhancement
projects;
* Reducing demands on the aquifer for domestic supplies used by
Fort Huachuca and/or Sierra Vista by substituting water
purchased from the Tombstone Pipeline; and
"Pumping1 groundwater to maintain streamflow in periods of
drought. ce
Measures that are economically problematic:
" Closing Fort Huachuca;
" Importing water from the Douglas Basin or the Central Arizona
Project; and

105. See ARIAS Rojo urAL, supra note 49, at 61-99.
106. See id. at 7.
107. See id.
108. See id.
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* Redistributing pumping to minimize the cone of depression near
Fort Huachuca and Sierra Vista.1"
Two of the solutions proposed were severely criticized by both
United States and Mexican citizens due to the broad range of opinions.
First, reducing and/or limiting irrigated agriculture, the most feasible
solution, has a serious social implication and was severely criticized by
farmers of both sides of the border. However, it still was seen as a possible
solution, and the CEC expert team recommended "Fair and equitable
means for retiring critical irrigated land in the Mexican portion of the basin
on a fully compensated basis need to be identified."110 Second, water
importation was seen almost as a catastrophe, especially by ecologically
oriented organizations. However, even the CEC Advisory Panel
recommended not to overlook this option as growth continues in the
area."1 Water conservation and recharge projects were unanimously
accepted.1 Uncertain options like beaver reintroduction and improving
vegetation in the valley floor were not really extensively discussed.
Recommendations
The following are recommendations given by the expert team
and the Panel Review Team"1 in relation to the natural resources
management in the San Pedro River Basin.
One recommendation was the creation of a mechanism for a
Coordinated Resource Management Program (CRMP)
This would
involve a resource planning, problem-solving, and management process
that provides for more effective resource management by bridging gaps
among government agencies, private landowners, and other resource
users. The idea is to minimize conflicts among stakeholders of the basin. It
also has to be bi-national, so a "joint presidential proclamation by the two
national leaders" 6 is recommended.
Another recommendation was to reconsider the proposal made by
CentroEcol6gicode Sonorato create a national reserve in the San Pedro Basin

109.
110.

See id.
Seeid. at73.

111. See FEDRO CARLOS GUILL9N RODRIGEz ET AL, INFORME DEL GRupO ASESOR DE LA
INICIATVA DEL ALTO Rio SAN PEDRO: RECOMENDACIONEs Y CONCLUSIONES PRESENTADAS A

LA COMISION PARA LA COOPERACON AMBIENTAL 5 (1998).

112.
113.
114.

115.
116.

See ARIAS RoJo Kr AL., supra note 49, at 73-76.
See id. at 97-99.
See GUILL9N RODRIGEZ r AL, supra note 111, at 4-6.
See ARIAS Rojo r AL, supra note 49, at 97.
See id.
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in Mexico for the highly-valued resources in Mexico, including native
grasslands and riparian vegetation."1
Research Needs
An international scientific consortium, Semi-Arid Land Surface
Atmosphere (SALSA), has been working for almost four years in the San
Pedro River Basin. 1" They have formulated technical questions for this
threatened ecosystem, and have created databases to provide management
options for the resource managers of the basin."1 ' However, research is still
needed to improve our knowledge of the system. These research needs are
listed below:

*
*
*

Hydrologic models that couple groundwater with surface water.
Surface water models run in a different time scale (minutes or
hours) than groundwater models (months), so modifications have
to be made to include streamflow.'"
Effects of recharge projects need to be evaluated since it is still
uncertain where the water would go.121
Extension of the aquifer and its characteristics in Mexico, as well
as better databases about water consumption are needed.'
Better data for evapotranspiration from riparian vegetation is
needed with the objective of analyzing riparian vegetation growth
scenariosl
Details about the geology, especially in the effluent recharge
project are required to estimate the impacts on groundwater2n

117. See id. at 98.
118. See David C. Goodrich et al.,An Overview of the 1997Activities of the Semi-Arid Land
Surface Atmosphere (SALSA) Program, in INTEGRATED OBSERVATIONS OF INTERAcTIoNs 1, 1
(Proc. of the Special Symposium on Hydrology, Am. Meteorological Soc'y, 1998) (available
at <http://www.tucson.ars. ag.gov/salsa/archive/publications/ ams.preprints/good
richl.html>).
119. See id.
120. See HectorM. Arias et al, SALSA: An InternationalIntegratedEffort Towards Decision
Makers in the Upper San PedroRiver Basin, in INTEGRATED OBSERVATIONS OF INTERACrIONS
8, 10 (Proc. Of the Special Symposium on Hydrology, Am. Meteorological Soc'y, 1998)
(available at <http://www.tucson.ars.ag.gov/salsa/archive/publications/ams-preprints
/goodrichl.html>).
121. See ARIAS ROJO ET AL, supra note 49, at 99.
122. See GUILL&N RODRIGEZ ET AL, supra note 111, at 6.
123. See ARIAS ROJO ET AL, supra note 49, at 99.
124. See id.
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Effects of beaver reintroduction need to be studied especially for
its impact on the riparian forest."z
A better monitoring
of both surface and groundwater is required
1
in Mexico. 2

*

*

The Semi-Arid Land-Atmosphere Program (SALSA) Consortium has been
working on several of those issues.1"
ACTION PLAN
A Binational basin-wide strategic plan for the conservation of the
San Pedro Riparian National Conservation Area is required to attain
"'binational sustainable resource management' of the Upper San Pedro
Basin." 1" Although some cooperative work has begun, more is needed to
fulfill some of the expectations to make the San Pedro Basin an example of
wise management between two neighboring countries. There are several
federal organizations that play major roles in the natural resources
management in both countries. In the United States, the Bureau of Land
Management, the U.S. Geological Survey, the USDA Forest Service and
Agricultural Research Service, and the U.S. section of the International
Water Boundary Commission (IWBC) all play major roles. Organizations
in Mexico include, Secretarfadel Medio Ambiente, RecursosNaturalesy Pesca,
(offices of Instituto Nacional de Ecologia, and Comisi6n Nacional del Agua),
Secretaria de Agricultura, Ganaderfa y Desarrollo Rural, and the Mexican
Section of the IWBC, Comisi6n Internacionalde Limites y Aguas (CILA).
At the state level, the Arizona Department of Water Resources in
the United States, and Secretariade InfraestructuraUrbanay Ecologia(offices
of Direcci6n Generalde NormatividadEcol6gica and Comisi6n de Agua Potable
y Alcantarilladodel Estado de Sonora),Institutodel Medio Ambiente y Desarrollo
Sustentable del Estado de Sonora and Secretarfas de Fomento Agricola y
Ganadero,each have a role in natural resources management.
At the county level, there are at least two communities that already
have business connections, Sierra Vista, Arizona, and Cananea, Sonora, the
two sister cities. They began exchanging visits in late November 1998.
Naco, Sonora, and Naco, Arizona, are communities that were divided by
the border, and still have close ties.

125.

See id.

126. See GUILLflN RoDRGEZ ELAL, supra note 108, at 6-7.
127. See Semi-Arid Land Surface-Atmosphere (SALSA) Program(last modified Dec. 22,
1999) <http://www.tucson.ars.ag.gov/salsa/salsahome.html>.
128. RESOURCE DIRECTORY: UPPER SAN PEDRO RIVER BASIN, supra note 3, at 35.
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Currently in the United States, there are several USDOI programs
for the area administered through BLM and USGS. As an example, a USGS
proposal for the San Pedro has the following goals:

To assess the effects of groundwater development on riparian
ecosystems as a measure of availability and sustainability of
groundwater resources,
To determine the effects of climate variations of differing time
scales on recharge to and outflow from groundwater systems,
To develop improved methods of quantifying inflow from streams
that recharge aquifers, and
To develop improved methods of simulation and analysis of
stream-aquifer interactions."2 '

9
*
•

In Mexico, the on-going efforts include research activities
associated with the SALSA consortium: community involvement in four
ejidos and two cities, meteorological and hydrological studies, land cover
studies, and soil classification studies have been conducted in cooperation
with U.S. Research Institutions, as well as with Institutepourla Recherche en
Cooperation(IRD), a French research institution.
Two of the institutions that need to be involved in Mexico are
Comisi6nNacionaldel Agua and Comisi6nInternacionalde Limites y Aguas, the

Mexican section of the IBWC that is responsible for San Pedro River water
management. The mission of the IBWC is to exercise the rights and
obligations of the United States and Mexico, as established by boundary
and water treaties and agreements, so the people on both sides of the
border benefit, socially and economically.m° The rights and obligations
provided for in the treaties deal primarily with regulation and conservation
of the waters of the Rio Grande and distribution of Rio Grande and
Colorado River waters between the two countries.131

129.

See U.S. GEOLOGICAL SURVEY, EFFECTS OF GROUNDWATER DEVELOPMENT AND

CuMATIC VARIABILITY ON INTERACTION OF GROUNDWATER AND SURFACE WATER IN THE
SOUTHWEST: A PROPOSAL TO THE GROUNDWATER RESOURCES PROGRAM TO ASSESS THE
AVAILABILITY, SUSTAINABILrrY, AND CONjUNCT1VE USE OF AQUIFER SYSTEMS IN THE
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130.
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TABLE 2. GROUNDWATER BUDGET U.S. PORTION OF THE UPPER SAN
PEDRO RIVER BASIN. ALL VALUES GIVEN ARE IN ACRE-FEET PER YEAR
Conditions

1990

2000

2030

GROUNDWATER RECHARGE (Deep Aquifer)

Aquifer flow from Mexico
Recharge--Huachuca Mns.
Recharge-Mule Mtns.

3,000

3,000

3,000

3,000

10,580

10,580

10,580

10,580

5,290

5,290

5,290

5,290

18,870

18,870

18,870

18,870

-440

-440

Enhanced mountain front
recharge
Enhanced mean streamflow
from Mexico available for
recharge (eliminate irrigation
in Mexico)
TOTAL

GROUNDWATER DISCHARGE (Deep Aquifer)
Underflow at Fairbanks

-440

-440

Evapotranspiration

-7,900

-7,900

-7,900

-7,900

Base flow discharge

-9,530

-7,400

-7,400

-7,400

Early wells (Bisbee)

-1,000

-1,000

-1,000

-1,000

-2,000

-2,300

-2,300

Wells, Sierra Vista

-4,100

-5,000

-9,000

Other domestic wells

-1,000

-1,000

-2,300

Agricultural irrigation

-2,800

-1,100

-1,100

-26,640

-26,140

-31,440

-7,770

-7,270

-12,570

Consumptive Uses* (withdrawals--recharge)
Wells, Fort Huachuca*"
2

TOTAL
GROUNDWATER SUBBASIN DEFICIT

-18,870
0

*Consumptive use estimates are based on population growth projections from51,400 in
1990 to 73,900 in 2030 (Corell, 1996).
**Current and potential recharge initiatives by Fort Huachuca and the city of Sierra
Vista may lead to increased returns to the groundwater sub-basin.
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FIGURE 1. LOCATION AND MAIN FEATURES OF THE SAN PEDRO
RIVER BASIN
i'
1,
I

1

Spring 2000]

ThE UPPERSAN PEDRORIVER BASIN CASE

221

FIGURE 2. GROUNDWATER PUMPING IN THE SIERRA VISTA AQUIFER

Pumpage in the Sierra Vista Aquifer
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